Introduction
Japanese peaches have traditionally been graded on the basis of external appearance that includes such factors as peel color, fruit shape, and bruises. However, sugar content of the fruit is the most important quality factor from a viewpoint of consumer's preference.
In nondestructive quality evaluation techniques-, visible light has been used to estimate maturity of intact blueberries (McClure et al., 1975) , Satsuma orange (Chuma et al., 1976) , tomatoes (Iwamoto et al., 1979) , and papaya (Birth et al., 1984) . Methods using NIR spectrophotometer were used for determining dry matter in onions (Birth et al., 1985) and soluble solids in cantaloupe (Dull et al., 1989) . The use of NIR method seems to have high potential for detecting internal constituents of intact fruits.
In this work, the potential of the NIR method with fiber optics in interactance mode to estimate sugar content in intact peaches was evaluated.
Materials
and Methods
Instrument
A commercially available NIR instrument was modified geometrically so that it might be adapted for measuring the NIR spectra of intact fruit (Fig. 1) . A diagram of the geometry used to make interactance measurements using fiber optics is shown in Fig. 2 . A commercially available "Interactance Probe", having a concentric outer ring illuminator and an inner ring receptor, was used as fiber optics (Fig. 3) 
Spectra acquisition
The fruit were positioned to contact the end of gested segment size of 20 nm and the suggested gap size of 0 nm, were plotted against wavelength (Fig. 5 ). In the NSAS program, the segment and gap sizes are defined (see Fig. 6 ). High correlation coefficients were observed at 906, 950, and 1,142 nm. When the regression analysis was conducted between d2log(1/R) and the Brix value, 950 nm was selected by the computer as the first wavelength in the calibration equation. In the second derivative, characteristic absorption bands appear downward. Therefore, the correlation coefficients at the wavelengths which are thought to be assigned to sugars should be negative. As shown in this figure, the correlation coefficients at wavelengths of 950 and 1,142 nm, however, are positive indicating that the optical data at those wavelengths may be inversely proportional to the Brix value.
To understand the relationship between the correlation coefficient and the absorption of sugars, NIR spectra of crystalline and amorphous sucrose, and water were recorded (Fig. 7) because sucrose accounts for at least 80% of the sugars in the peach (Ishida et al., 1971) . The sharp band observed at 986 nm in crystalline sucrose did not occur in amorphous sucrose. In the NIR spectrum of amorphous sucrose, three characteristic absorption bands were observed at 918, 1,002 and 1,175 nm. The bands at 1,002 and 1,175 nm, however, overlapped those of water that occurred at 978 and 1,162 nm. In the vicinity of 918 nm, the absorption due to water was not strong. This is thought to account for the large downward peak at the vicinity of 906 nm in Fig. 5 .
The absorption at 950 and 1,142 nm was very strong in water but very weak in amorphous sucrose (Fig. 7) , suggesting that both wavelengths are not attributable to sucrose but to water. In the fruit, water content decreases as the sugar content increases. Therefore, high correlation coefficients at 950 and 1,142 nm were due to the secondary correlation between sugars and water contents in the fruit.
Consequently, 906 nm is selected manually as the first wavelength which is assignable to a substance related to carbohydrates. This finding agreed with the results reported by Birth et al. (1985) for on- Table 2 . Correlation coefficients calculated with "Norris Regression" between Brix value and d2log(1/R) derived using each segment size and gap size shown in this table. To optimize the derivative condition for the multiple regression analysis, "Norris Regression" program was used because it allows the user to find the best derivative condition by varying the gap size about a fixed segment size. The program was applied to the optical data in the wavelength region around 906 nm. The results are shown in Table 2 . The highest correlation coefficient was -0.739 under the derivative condition where the segment size was 16 nm and the gap size was 4 nm. In the same manner, the first derivative condition was also examined. The best result was obtained when the segment size was 12 nm and the gap size was 0 nm. Therefore, the first and the second derivative treatments were performed hereafter under the derivative conditions mentioned above.
Calibration and prediction
Results of calibration were shown in Table 3 .
Wavelengths selected indicate specific wavelengths at which dlog(1/R) or d2log(1/R) were input as independent variables for a multiple regression analysis. As the numbers of wavelengths selected for calibration increase, the correlation coefficient between optical data and Brix value increased.
To check the performance of the calibration equations obtained, 114 samples of prediction set were used. The results of prediction were also 
